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20.  Abstract  (cont'd) 

were  measured  from  the  photographs  along  rivers  where  ground  truth  data  were  available  for  comparison.  Lengths 
of  channel  riffles  and  pools  were  measured  along  the  rivers  where  variations  in  river  depths  were  evident  on  the 
photographs.  Seventy-nine  percent  of  the  sites  have  some  form  of  flow  control  structure  which  causes  a pool  with 
a backwater  condition  of  low  velocity.  The  low  flow  condition  in  the  pool  allows  a solid  ice  cover  to  form  which 
impedes  ice  movement  and  initiates  ice  jams.  Aerial  photographs  provide  a regional  perspective  for  evaluating 
channel  characteristics  at  an  ice  jam  site  and  for  analyzing  the  geographic  setting  at  each  site  during  ice-free  conditions. 
Photographs  taken  after  ice  jams  have  formed  are  useful  in  monitoring  ice  jam  formation,  in  analyzing  ice  charac- 
teristics, and  in  documenting  ice  jam  breakup  and  movement. 
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RIVER  CHANNEL  CHARACTERISTICS  AT 
SELECTED  ICE  JAM  SITES  IN  VERMONT 


Lawrence  W.  Gatto 


INTRODUCTION 


Kcnnecly  (1975)  lists  two  requisites  for  the  for- 
mation of  an  i<e  jam:  1)  a larye  clis{harf>e  of 
fra/ll  or  fragmented  solid  ice,  and  2)  an  obstac  le 
m the  channel  that  impedes  downstream 


passage  of  ice  doth  Kennedy  (1 975)  and  U/uner 
and  Kennedy  (197f))  indicate  that  the  tyires  of 
I h.innc'l  ohstac  les  (natural  and  manmade)  are 
almost  boundic’ss.  i e , c hanges  in  width  (e  g , 
bridge  piers  and  abutments),  changes  in  deftth 
(e  g , sand  bars),  manmade  surface  ohstac  les 
(eg,  ice  booms),  and  combinations  of  these 
Sokolov  <md  Ootlib  (1975)  also  eiuimerate  some" 
loiations  along  a river  channel  where  ice  jams 
I .111  tre(|uentlv  occur  1)  transition  /'ones  where 
( hannel  slopes  i hangc'  suddenly  from  steej)  to 
gentle,  2)  rear  hes  below  rapids  where  flow 
veloi  ity  IS  retarded,  i)  river  confluences,  4) 
sh.irp  bends  where  wide  velocity  distributions 
o(  < ur,  5)  alirutil  n.irrowings  of  channels,  (>) 
shallows  with  islands,  and  7)  river  reac  hc>s 
( overed  with  st.ible  ic  iv 


Objo'-lives 

I he  obiectives  ot  this  stiidv  were  to  1) 
desc  ribe  ,ind  enumerate'  < hannel  c h.irac  tc-ristic  s 
.md  geogr.ipliK  set  mgs  at  si'lec  te'd  ice  lam  sites 
in  V'ermonI  using  <ieri  I ph'ilografihs  taken  dur- 
ing ice  tree  conditions,  2|  indic.ite  which 
c harac  tc'ristic  s may  be-  t.i  tors  in  causing  ic  c' 
|.ims  to  torm  and  wli..  ii  "i  iv  aggr.iv.Ue  the'  et 
tc'c  ts  of  |ams  at  these  siti  and  1)  suggc'st  some' 
possible  additional  uses  ot  .ic'iial  photc)gra|)hs  in 
the'  analysis  of  ice  lams  and  in  the-  acc|uisition  ot 


other  pertinent  geologic  and  geomorphic  infor- 
mation on  ice  lam  site  c haracteristics 

It  was  not  an  obiective  of  this  study  to  (irovide 
the  caiiability  of  (iredicting  where  and  when  ice 
lams  will  occur  or  to  explain  ice  pim  met  hanics 
1 he  feasibility  of  developing  such  a predictive 
index,  and  the  analysis  ot  ice  jam  mechanics  are 
being  addressed  in  an  ongoing,  long-term  analy- 
sis of  ice  jams  conducted  by  othc'r  CKRI  1 in- 
vc'stigators (Calkins,  print  ijial  invc'stigator) 


Previous  investigations 

Aerial  photographs  have  lieen  used  m analyz- 
ing sevt'ral  aspects  ot  ic  t'  jams  Mollarcl  (1971) 
described  some  geohydrologic  teatures,  eg, 
channel  sinuosity,  channel  pattc'rns,  t|u..iitative 
stream  heel  gradients,  channc'l  lengths,  valley 
lengths,  stream  channel  material,  and  tlood|)lain 
type's,  that  tan  bc'  obsc'rved  and  measured  on 
ac'rial  photographs  loering  (19()H)  and  (Kudritskii 
et  al  195())  intiudt'cl  channc'l  width  and  rough 
ness,  drainage  arc'a,  mt'antler  w avc'lc'iigth. 
stream  and  bank  vegetation,  Ic'cigths  ot  shoals 
and  pools  in  channc'l,  and  locations  ot  rapids  as 
idc'ntif lablc'  and  measurable'  on  ac'rial  photo- 
graphs loc'ring  (19()tt)  concluded  that  aerial 
photographic  intc'rtiretation  pros  idc's  rc'liablc' 
ret  onnaissanc  e-tvpc'  data  tor  hvelrologie 
analysis  and  invc'iitory  Kudritskii  c't  al  (195()) 
.list)  mc'iitionc'd  that  stc'rc'o  (ihotogratihs  are 
c'spc't  i.illy  usc'tul  whc'ii  some'  ot  ihc'sc'  channc'l 
li'.iturc's  arc'  bc'ing  mc'asurc'd  Me  Kim  et  al  (197(i) 
c omparc'tl  the  utility  ot  satc'llitc'  and  high- 
altitudc'  airt  r.ilt  (ihotographs  tor  analy  zing  many 
ot  the'  .ibovc'  Ic'aturc's  as  yvell  as  gc'iieral  local 


i 

J 


f 


topo^’rapliv . b<iMn  sh.ipc,  drainage  density,  and 
stream  network  e , c hannel  patterns,  stream 
ordering,  and  bilurration  ratios)  I hey  c onclud- 
erl  that  many  ot  the  channel  and  basin  feature's 
are  more'  e'vide'nt  in  arc'as  ot  bigh  relie't 

UenHartog  (1b77)  used  ve'rtieal  aerial 
phote)gra|)bs  to  observe  the'  location  ot  shallow 
bars,  bends,  and  c onstrie  tions  at  an  le  e |am  site 
on  the'  Pe'migc'wasett  Rivc'r.  nc'ar  Plv mouth,  Nc'w 
Hamtrshirc'  He'  eoncludc'd  that  ac'rial  [)hotei- 
graphs  of  a spc'c  ifie  site'  must  be'  takc'ii  when  the 
site'  IS  with  and  without  jams  to  aid  in  de'te'rmin 
ing  the' e ause's  of  jams  Mae  Kay  e't  al  (lh74)use'el 
ae'rial  photographs  tor  rive'r  survi'illane  t'  of  c'ro- 
sion  on  e hannc'l  islands,  be'ds,  and  banks,  eausc'd 
by  le  c'  moving  in  the  rivc'r  during  bre'.ikup  In  <kI- 
dition,  thc'V  use'll  the'  photograjihs  to  elete'rniine' 
surface'  current  vi'loeities  and  to  doe  umc'iit  the 
e'stent  ot  flooding  due'  to  le  i'  jiims  Shc'rstone 
(197  t)  <ilso  used  aerial  photograjihs  to  mc'asuri' 
surtae  e water  vc'loe  itie's  and  to  e harae  tc'ri/e  le  e 
within  an  lec'  jam  Cialkins  (1977),  using  ae'rial 
jihotograjihs,  mc'asure'd  the'  si/e's  ot  le  c'  bloc  ks  in 
a jam  along  the  longitudin.il  jirotile  ot  the'  jam 
,ind  found  the  sizes  of  the  blocks  de'c  rc'ase'd 
ujistrc'.im  (ie'rarel  (197s|  re'jiorte'tl  that  ae'rial 
(ihotograjihie  reconnaissance'  can  jirovieh' 
valuable'  mtorm.ilion  on  ibe  tormation,  e harae - 
te'rislie  s,  and  e onsee|uene  I's  eil  le  e jams,  and  on 
ge'omorjihn  e harae  teristie  s ot  le  e jam  site's 

As  |)<irt  of  an  c'arher  ( KRI  1 investigation. 
Analysis  ot  jiotentuil  le  e jam  sites,  C einne'c  tie  ut 
Rivt'r  at  Windsor,  Vc'rmont'  (Cialkins  e't  al 
197b),|)holoint('r()ri't,ition  li'i  hmejue's  we're'  usc'd 
with  ground  truth  dat<i  to  bc'gin  evaluating  the' 
(lossibility  ot  jireji.iiing  an  inele's  ot  ice'  lamming 
[lotential  that  e ould  be  used  to  de'termine  like'ly 
site's  of  le  e jam  oe  e urre  lu  I's  along  <i  rive'r 
Hc'C  arise  of  the'  success  ot  tins  |)hotointe'r|)re'la- 
tion  ajrprroae  h and  ot  the'  othi'i  invi'stigalions 
just  me'iitionc'd,  a jrhotointe'rjne'tation  .ijrjrroae  h 
wMs  usc'd  during  the  jire'seiit  study  to  describe' 
the'  e hanne'l  and  loe  .d  se'tting  iit  se'le'e  te'cl  le  v jam 
site's 


GLOSSARYOF  TERMS* 

ficir  — A ridge'-hke'  aeeumuhition  ot  sand, 
grave'l,  or  othi'r  alluvial  mate'rial  tormi'd  in  the' 
channel,  along  the'  banks,  or  at  the'  mouth  ot  a 


stre'am  whc'rc'  a dee  rc'asc'  in  s c'loeits  indue  c's 
elejjosition  (river  bar,  e hanne'l  bar) 

lied  nuterial  — I he'  mate'ri.d  ot  whie  h the  bed 
of  a stre'am  is  eomjrose'd;  it  may  origin<dl\  h,ive' 
bc'en  tbc'  material  of  sus|)eneleel  load  or  ot  bed 
load,  or  may  in  some  case's  be'  jrartK  rc'sidual 
Continence  — A jrlaee'  ot  me'eting  ot  twee  or 
more'  sfre'ams;  the'  jierint  u he're'  a lribut<ir\  joins 
the'  mam  stream,  a tork  (june  tionj 

Inlls  — A vsatc'rtall  or  other  jire'c  ijntous  dc'- 
se  c'lit  ot  w atc'r 

Meitnder  --  One'  of  .i  se'ric's  ot  some'what 
rc'guliir,  sharj),  treeK  devi'lojnng,  and  sinuous 
curve's,  bends,  loojis,  turns,  or  windings  in  tbc' 
e ouist  ol  a stre'am 

/Vfe'ane/er  bar  tpoinl  h,i!t  — A dejiosit  ot  sand 
<ind  gravel  loeate'd  on  the  inside,  and  e'Ste'nehng 
into  the'  e urve',  ot  a mi'.mele'r 

I’ool  — 1)  A small,  e|uii'l  iind  rather  de'ep 
re.ie  h ot  a stream,  as  between  two  rajiids  or 
whe'rc'  there'  is  vc'ry  little  eurri'iit  dl  A small  or 
large  bodv  ot  imi)ouneleel  water,  .irtitieally  e on- 
t ineel  .ibov  e'  a dam  or  the'  e losed  gate's  ot  <i  loe  k 
Rap/e/s  — A jiart  ot  a stre'am  wlu're  the  current 
Is  mov  ifig  w ith  a gre'atc'r  sw  iftne'ss  than  usual  and 
where'  the  water  surt,ue'  is  broken  bv  obstruc- 
tions but  witbout  a suttieie'nt  break  in  slojii'  to 
torm  .1  watertall  iis  whc're'  the  water  de'seenels 
over  a sc'ries  ol  small  sti'jis  It  e ommonlv  re'sults 
trom  a seiddc'ii  steejie'iiing  ot  the  stre'am  gra- 
dient, Irom  the  jiresene  e ot  a re'strie  te'd  e h.mni'l 
or  Irom  the'  uneejual  re'sistane  e ot  the  sue  e essive' 
roe  ks  trave'rse'd  b\  the'  stre'am 

Ritlle  — A natural  shallows  or  othe'r  e'Vji.mse' 
ot  shallow  bottom  e'xtencimg  ae  ross  a stre'ambe'd 
ov  I’r  w hie  h t he  w.ite'r  t low  s sw  ittiv  and  the'  w ate'r 
surt.iec'  IS  broke'ii  in  waves  b\  obsirue  lions 
wbolly  or  |)artl\  submerged,  a shallow  r<i|)ids  ol 
e omji.irative'ly  little'  l<ill 

Riparian  — Pe'rtaining  to  or  situatc'd  on  the' 
bank  ot  a bodv  ot  wati'r,  e'sjiee  lally  ot  a watc'r- 
e otirse  sue  h as  a river 

Sboa/  — A relativelv  sh<dle)w  jilae  i'  in  a 
stre'am,  lake,  sea,  or  olbe'r  bodv  ot  water  a 
shallows 

Sinuo'^il\  —Ratio  ot  length  ol  the  e hannel  or 
lhalwi'g  to  the'  down-vallev  distanei'  e h,mnels 
with  sinuositic's  ot  1 ')  or  more  are  called 
meandi'ring 


' I )«•!  initions  t rofii  ( of  ( .ootonv  (<  nuv  h1  ,il  I ‘f7 J I 


2l  Apr  il  76  • 
'9  Apr,!  1976  O 
<7  Apr>l  1976  © 
RiChford  } 

Enosburg  Foils  2 
Hofdw'Ch  3 

Lyndonville  4 

St  Johnsbury  5 
Richmond  6 

Moretowr 
Montpelier 
Eosi  Montoe> 
Groton 
Eost  Corinth 
Brodford  Ct'- 
BrodforO 
Tunbridge 
Powiet 
Wilmington 
Chester 
Quechee 
TottsviMe 


f igure  I.  Ice  jam  sites. 


APPROACH 

Photo  acquisition 

Hl.uk  and  white  (Plus-X  2402  film)  aerial 
photographs  (9x0  m ) were  obtained  from  19 
sites  in  Vermont  on  17,  19  and  21  April  197b  (tin 
1)  The  photographs  were  taken  with  a Zeiss 
RMK  15/21  aerial  camera  Aircraft  altitude  was 
ad|ustecl  above  the  mean  I’rotind  c'levation  at 
eac  h site  to  provide  photonraphs  with  a nominal 
seal*'  of  1 boot)  local  terr.im  changes  and  air- 


craft allilucle  lluc  tiuilions  caused  the 
[ihotoi’raphic  scale  variations  shown  in  1 able  1 
US  Ueolof>ic  al  Survev  fo()o>;ra|)hi(  m.ipsflable 
II)  vsi’re  used  in  planning  the  lliuhl  line  oric-nta 
tion  and  mileat’C',  aiipropriale  airiralt  altitudes, 
and  si‘c|uenci'  lor  photoHraphint’  the  sites  Un 
controlled  (ihotomosaic  s cit  e<ic  h site  wc're 
prc'iiared  with  the'  black  .inci  white  prints 
((ihotomosaic  s arc' shovs  n in  App  A)  Points  ot  in 
tc'cest  and  the'  limits  ot  the  nvc'r  c hannc'l  whc're 
ICC'  lams  tjsuallv  occur  wc'rc'  dc'linc'atc'd  I hi' 


Table  I.  Data  on  aerial  photographs  acquired  for  analysis  of  ice  jam  sites  in  Vermont. 
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Jl  Apr  70 
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1 7 Apr  70 
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1 '■>000 

1 ron)  upper  Dewevs  Porn!  upstre.m)  1 4 Si  miU's 
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10 

1 7 Afir  70 

t 

1 'iooo 

IrofTiP  lSI  nnles  downsfretin)  of  l«if(sville  t/psfr«MfT) 
to  1 SI  mile  p,ist  W est  \\  oods tot  k 

Solo  ( .inirr.i  /nss 

' Koundi'd  olt  trom  s( 

KMK  I 't  J 1 Mrlru  , 1 ilni  tv|M‘ 
.df  shown  on  [ihotoinosau  s m 

I'ius  X J40J. 
Ap[*cnd(x  A 

Nie«t)live  si/e  (in  ) M ^ M I ot  al  lenmh  (in  ) — «> 

tlntoriiiiitton  not  (iflfrnntu'd  or  known 
• *1  lown  IVM(  «•  v\»Mlh»T  on  tirst  d.tv  w«is  in.ifj;in<d 


stales  shown  on  (he  photoniosan  s are  for  the 
origin<\l  .lerial  phologra[)hs,  not  tor  the  pholo- 
niosaii  s themselves  I he  mos<n(  s shown  here 
have  heim  rethit  ed  trom  imit  h larger  original 
mosait  s 

Initiiilly,  the  intent  wds  to  photograiih  the 
sites  in  September  or  October  when  rivtn  vsater 
levt'Is  art'  siatislit  ally  low  (f  ig  J)  tor  this  ri'gion 
to  best  observe  the  t hannel  teatiires  In  atitli 
tion,  flows  m the  tall  art'  t om()<ir.il)le  to  the 
flows  in  It'bruary  <intl  M.irt  h when  it  e pims 


generalb  begin  to  torm.  therefore,  tne  water 
levels  m the  tall  might  be  similar  to  those  that 
are  present  v\hen  pirns  torm  Ibis  would  allow 
observation  ot  the  t hannel  leatort's  that  might 
he  more  import.int  in  initi.iting  pims  L'sti.illv.  it  e 
pirns  torm  tkiring  or  alter  a [leriotl  ot  high  flow 
<intl  high  water  levels  that  releast*  the  cover  ot 
stable  It  e and  start  ,in  it  e run  looking  <it  the 
disc  h.irge  trends  lor  the  I<I4I  I‘t7()  iierioil  (I  ig  Ji. 
It  IS  ap|)t\rent  that  the  tlisi  tiarge  slatisluallv 
del  teases  trom  the  Nov  ember  Dec  ember  period 
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Table  11.  Topographic  quadrangles  used  for  planning  aerial 
photographic  missions,  for  determining  photographic  scale,  and 
for  analyzing  each  site. 
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Table  II  (cont'd).  Topographic  quadrangles  used  for  planning 
aerial  photographic  missions,  for  determining  photographic 
scale,  and  for  analyzing  each  site. 
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to  hebruary,  then  Increases  through  March  to 
April  when  it  peaks  and  decreases  to  the  August- 
September  period  A stable  ice  cover  generally 
forms  during  the  decreasing  discharge  period 
from  December  through  February;  then  this 
cover  IS  broken  and  set  in  motion  as  discharge 
increases  in  March 

After  considering  that  much  ot  the  channel 
might  be  obscured  from  view  during  the  August 
-Oc  tober  period  bee  ause  ot  the  tree  c anopy,  and 
because  of  aircraft  sc  heduling  problems  during 
this  time,  the  aire  raft  mission  was  flown  in  April 
before  leaf  out  and  attc>r  the  disappearance'  of 
ice  from  all  the'  sites  Kc'gional  flows  were 
variable  from  normal  to  above'  normal  during 
this  time  (USCS  IhZh) 

In  retrospect,  thc're  are  sc'veral  rc'asons  that 
the  best  time  to  accpiire  aerial  photographs  for 
this  type  of  study  would  bc'  in  late'  October  or 
early  November  based  on  the  long-tc'rm  flow 
data  in  Figure  2.  flows  at  this  time'  arc*  com- 
parable to  those  in  February  and  March  whc'ii 
jams  usually  begin  to  form  During  the*  Oc  tober- 
November  period,  the*  extc'iits  ot  riffle's  and 
pools  could  be  easily  obsc'rvc'cl  and  measured 
since  water  Ic'vels  would  be  clown  I hesc* 
features  were  apparent  on  the*  April  photc)gra()hs 
for  only  a few  sites  In  addition,  most  tree's  arc* 
bare  at  this  time  and  would  not  obsc  ure*  c hannel 
margins  Flying  weathe*r  is  usually  geioel  be'cause 
atmospheric  haze  is  low  and  cloud-tree*  clays  arc* 
numerous  Flowever,  sun  angle  is  dec  reusing  dur- 
ing this  period  and  shadows  may  mask  portions 
of  the  channel  margins  that  are*  borde'rc'd  by 
trees  As  DenHartog  (1977)  inclic  <ite'cl,  ideally 
aerial  photographs  should  be*  takc'n  twice*  emc  e* 
when  water  levels  are*  low  anel  lams  are*  abse'nt  to 
allow  best  observation  of  the*  channe'l  so  that 
possible  obstructions  to  flow  cenilcl  be* 
documented,  and  again,  during  incre'ase'cl  flows 
after  jams  have  fcjrmeci  to  show  whe're  the  ice* 
was  sto|)()ed  and  to  suggest  which  obstruction 
may  be  the  primary  fac  tor  in  initiating  the*  jams 

Photo  acJvantages  and  disadvantages 

Although  the*  utility  of  aerial  photographs  in 
geomorphic  studies  is  well  established,  the 
following  limitations  or  disadvantage's  inherent 
in  the*  photographs  should  be*  c onsiclere'd  before 
ciuantific  ation  of  geomorphic  fe*atures  Ijuncor- 
rectc’d  horizontal  distances  are*  e*asily  cletermin- 
c'd  but  vertical  rc'lief  is  more*  difficult  to 
mc'asure,  and  2)  photographic  scale  is  variable 
and  geometric  or  relief  distortions  are  common 


1 he  effects  of  thc'se  limitations  can  bc*  reducc'd 
by  utilizing  geometrically  corrected  and  rec- 
tified photographs  that  lessen  the  mc*asurement 
errors  that  result  from  distortions  on  uncor- 
rected photographs  If  correctc'd  photographs 
are  not  available,  howe'ver,  it  must  be  recog- 
nized that  scale  variations  and  gc'omc'tric  di*,tor- 
tions  tend  to  increase  from  the  cc'iitral  to  the 
peripheral  portions  of  a photograph,  thc*rc*forc*, 
measurements  should  be  made  in  the  middle 
portion  of  the  photograph  where*  distortions  arc* 
minimal  Thus,  whenever  possible,  mc'asure- 
ments  of  river  channel  characteristics  during  this 
project  wc'rc*  made  in  the*  middle*  third  of  the 
photograph  to  minimize  the  errors  caused  by 
these  distortions 

In  spite  of  these  limitations  there  are  several 
advantages  in  using  aerial  photographs:  1)  a per- 
manc'nt  record  of  river  channel  conditions  ex- 
isting at  the  time  of  photo  acc)uisition  is  obtain- 
i*cl;  2)  more  detail  is  available  than  on  ma()s  or 
charts  of  the  same  scale;  1)  the  effects  of  proc- 
c'sses  active  and  the  features  present  at  a site 
c an  be  observeef;  and  4)  some  data  can  bc*  more* 
economically  acciuired  from  photographs  than 
from  c'xtensive  field  surveys  However,  data  col- 
lec  ted  from  f)hotographs  may  not  be  as  ac  c urate* 
as  data  acc(uirc*d  from  field  reconnaissance, 
therc'forc*,  the  reciinrements  and  ob|ectives  of  an 
invc'stigation  must  bc*  considered  in  determining 
whether  photointerpretation  tc*chnic|ues  would 
bc*  useful  1 his  projc'c  t was  designc'd  <is  a rc>c  on- 
naissancc*  of  ice  lam  sites  to  shoes  the*  river  c han- 
nc'l  fc'aturc's  that  characterize  these*  sites  and 
those*  that  can  be  observed  and  measure'd  using 
ac'rial  |)hotogra()hs  This  pro|c*c  t was  not  inte'nd- 
ecl  to  detc'rminc*  precise  cross  sc'ctions  or 
hydraulic  parametc'rs  that  must  bc*  obtainc'd 
trom  lic'ld  surveys 

Features  observed  and  measured 

Initially  the  characteristics  that  wc*rc*  to  bc* 
ob  .c*rvc*d  and  measured  were  c hannc'l  width, 
c annel  shape*  or  patterns,  drainage  pattc*rns. 
channe*!  slope,  relative  depths,  generalized  c ross 
sec  tion  (width  and  depth),  riffle  (i  c*  , shallovss) 
and  pool  lengths,  and  manmade  structures  or 
modifications  However,  after  a preliminars 
evaluation  of  the  (rhotographs  and  a dc*tc*rmina 
tion  of  the  river  characteristics  likc*ly  to  have*  a 
role  in  causing  ice  jams,  the  number  ot  charac- 
teristics to  bc*  measured  or  described  was  rc*- 
duc  eel 
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Dr<ilnaf>e  pattern  (e  ^;  , dendritic,  trellis, 
parallel,  etc  ) was  considered  an  unimportant 
factor  in  causing  ice  jams,  and  therefore  it  was 
not  descrihc'd  during  this  study  although  aerial 
photographs  could  be  used  for  that  purpose 
Although  relative'  depths  can  be  obsc'rvc'd  and 
generali/c'd  cross  sections  determined  with 
aerial  photographs,  the  accuracy  of  these  deter- 
minations is  too  Icjw  to  be  useful  in  site' 
characterization  because  river  channel  slope-  is 
important  but  not  readily  obtainable  from  ac'rial 
photographs.  to()ographic  c|uadrangles  (Table  II) 
were  used  to  estimate  the  local  average  channel 
slope  Cjalkins  (personal  communication,  1‘)7()) 
stated  that  average  river  slo[)e  measure'cl  from 
c|uaclrangles  would  be  inadec|uate  for  use-  in  the* 
ice  lam  areas  where  backwaters  are  present 

Calkins  et  al  (1976)  have  also  indicated  that 
sites  111  a stream  channel  whc're  ice'  jams  genc'ral- 
ly  form  are:  1 ) constric  tions;  2)  t'xposc'd  rot  k out 
cro))s  and  manmade  structures  (eg,  bridge 
piers),  5)  long,  low-velocity,  dt't'p  water  pooK. 
and  4)  shallow  sc'c  tions  that  c ross  portions  ot  the 
c hanne)  whe-re  f’roiindinf’  of  ice  does  i ould 
bc'gin  CTilkins  (personal  communication,  197(>) 
has  also  indicated  that  drainage  <irea  mas  in 
three  tly  intiuenc  e it  t'  jam  lormation  at  river  t on 
tiuences  I he  tributary  rivc-r  ssith  a small 
drainage  .irea  miglit  pim  tirst  because  the  pe.ik 
tlow  and  tr<ivel  time  would  occur  earlier  ih.in 
those  tor  ,i  riser  ssith  <i  larger  vsatc'rshed  basing 
the  same  gt'iier.il  sh<ipe  and  same'  geogr.iphu 
aspec  t (orient<ition)  ffe  has  also  reported  that 
the  drain.ige  .ire<i  tor  the  smallest  riser  on  sshit  h 
he  h<id  obsersetl  a signitie  <int  ice  |.im  ss.is  ap 
proximatels  ft)  si|uart'  miles,  the  ssielth  ot  that 
river  at  the  |am  site  ssas  '>()-7()  It  (similar  to  the 
I unbricige  site  (no  14,  fig  1),  l.ible  DID,  App 

b)l 

lo  <inals/e  the  sites  tor  the  lour  conditions 
desc  ribc'd  (is  ( .dkins  I'l  al  (197()),  the  lollossing 
c hannc'l  leatures  were  obsersed,  described,  or 
measured  1)  me.mders,  since-  they  can  cause 
cir<istic  c h.ingc's  in  tioss  tic-lds  and  c an  rc-duc  c'  the 
downstream  lloss  ot  ic  c-,  2)  thi-  prc'sc'tu  e ot 
sho.ils  or  rittles,  sine  e ic  e c an  lic-c  ome  grounded 
on  ihc'  risc'r  fic-cl  at  thc-se  locations,  t)  the  loc  a 
lions  ot  [lools,  since'  in  thc-sc-  low  vc'loc  ity  areas 
ICC'  mosc'mc'nl  can  slosv,  and  a stable-  ic  c-  cover 
e an  form,  4)  the-  prc-sc'nc  c'  ot  manmade-  strcic  lurc-s 
and  channel  widths,  since-  thc-sc-  tac  tors  can 
rc-stric  t (low 

( alkins  (|)i-rsonal  c omnuine  lation,  197(i)  also 
statc-d  that  on  small  rivers  manmade-  structure's 


and  natural  river  configuration  can  be  very  im- 
(lortant  factors  m initiating  ice  jams,  therc-forc-, 
these  small  rivers  would  be-  measured  in  terms  ot 
drainage  area  or  (lossibly  widths  On  largc-r 
rivers,  channel  configuration  is  less  mifiortant 
and  manmade  structures  can  be  the  predomi- 
nant tactor  in  initiating  the-  jams  A c omiiarison 
ot  the  drainage  areas  of  the  smaller  and  larger 
rivers  may  give  a measure-  of  the  relative-  impor- 
tanc  e of  thc-sc-  two  rivc-r  conditions 

Riparian  vegetation  was  described,  since-  it 
was  fc'lt  that  the  presence  of  trees  and  brush 
may  tend  to  incrc-ase  the  holding  ca))acity  ' of 
the-  shore  However,  Calkins  ([lersonal  com- 
munication, 197())  indicated  that  riiiarian  vegc-ta- 
tion  (irobably  does  not  influence  the-  ice  lam,  c-v 
cc-pt  where-  trees  are  abundant;  in  this  case-,  thc- 
trc'c's  could  kec'p  the  ice  in  the  channe-l  and 
rc-strict  the  ice  from  spreading  into  thc- 
tloodplain  (he-  channel  mate-rial  v\as  cic-sc  ribed 
since-  Its  size-  would  influence  the-  fric  tion<il 
rc'sistanc  c-  ot  the  rivc-r  bc-cl  to  tlow 

As  an  evaluation  of  the-  accuracy  ot  thc- 
mc-asurc-mc-nts  ot  c hannc-l  width,  and  rittic-  and 
pool  Ic-ngths,  made-  on  the-  ac-rial  photographs, 
the-  ’iii-asuri-mc-nts  wc-rc-  comparc-d  with  those- 
takc-n  during  ground  surve-ys  at  a dittc-n-nt  timc- 
I his  c omparison  was  made-  at  the-  I unbridgc-  (14) 
and  the-  Quc-c  hc-c-  (18)  (1  ig  1)  sitc-s,  yshc-rc-  tic-ld 
el.ita  vyc-rc-  c ollc-c  tc-cl  at  t and  If  riyc-r  cross  sc-c 
tions,  rc-spc'c  tivc-ly  I’hoto  mc-asurc-mc-nts  ot 
c hannc-l  yy  idths  yyc-rc-  also  made-  at  the-  Harclyy  ic  k 
(f),  St  lohnsbury  (T),  Ifradtord  (I  f).  and  C hc-s|er 
(17)  sitc-s  I he-  Ic-ngths  ot  rittic-s  and  pools  yyc-rc- 
mc-asurc'cl  only  at  the-  (unbridgc-  and  Ifradtord 
sitc-s  yvhc-rc-  thc-y  yyc-rc-  most  apparc-nt  (he-  aboyc- 
SIS  sitc-s  yy  i-rc-  c onsidc-ri-d  important  by  \'c'rmont 
Dc-partme-nt  ot  VVatc-r  Rc-sourcc-s  pc-rsonnc-l 
lic-c  ausc-  lams  at  thc-sc-  sitc-s  are  usually  sc-vc-rc- 
Most  ot  the-  yy  idths  nic-asurc-d  on  the  photo- 
graphs yyi-rc-  yyithin  10%  ot  those-  mc-,isurc'd  by 
surve-ys  (he-  cliltc-rc-nc  c-s  rc-sult  trom  sc-yc-ral  t.u 
tors  1)  ground  surve-ys  yyc-rc-  made-  in  the-  sum 
mc-r,  yyhe-rc-.is  the-  photographs  yyc-rc-  aeciuirc-d  in 
April  yyhe-n  yyatc-r  Ic-vc-ls  yyc-rc-  dittc-ri-nt,  21  loc  a 
tions  yyhe-re-  the-  yyidths  wc-rc-  mc-asurc-d  on  the- 
ground  did  not  coincide-  prc-cisely  yyilh  photo- 
measuremc-nt  locations,  and  f)  ))hoto  scalc-s 
varied  In  spile-  ot  thc-sc-  ditferc-nc c-s,  the-  ac 
eur.uy  ot  fihoto  nic-asurc-mc-nts  could  (ic-  suite 
c ic-nt  dc-pc-nding  on  the-  ob|c-ctiyc-s  ot  the  rc-con 
naissanc  c- 
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In  summary,  the  descriptions  of  the  geo- 
graphic settings  for  all  19  sites  included:  1) 
upstream  and  downstream  limits  of  the  reaches 
where  the  ice  jams  usually  form;  2)  estimates  of 
local  channel  slopes;  i)  presence  of  major  slope 
changes  (i.e  , falls,  rapids);  4)  channel  widths, 
shapes,  or  patterns  (plan  view  configuration,  i e , 
meandering,  sinuous,  braided,  straight);  5)  rela- 
tive channel  depths;  6)  channel  material  that  In- 
fluences the  frictional  resistance  to  flow;  7)  ap- 
parent water  surface  roughness  (enhanced  or 
obscured  by  sunglint*);  8)  channel  bottom  varia- 
tions when  water  penetration  is  sufficient;  9) 
riparian  vegetation  that  may  contribute  to  the 
restriction  of  ice  flow  when  the  river  water  level 
is  higher  than  the  normal  c hannel;  10)  floodplain 
characteristics;  11)  manmade  structures  and 
modifications;  and  12)  possible  major  factors 
causing  jams. 


RESULTS  AND  DISCUSSION 


Appearances  of  observed  features 

Figures  3-9  indicate  how  the  features  and  con- 
ditions (Table  III)  observed  at  the  various  sites 
a()peared  on  the  original  aerial  photographs  at 
full  scale  Many  of  these  features  are  shown  in 
Figure  3.  The  other  figures  were  selected  to  show 
the  remaining  features  at  different  geographic 
settings  The  dark,  smooth  appearance  of  the 
pool  (1)t  contrasts  with  the  wavy  lighter  ap- 
pearance of  the  riffle  (2)  (Fig  3)  Water  depths 
are  greater  in  the  pools,  but  water  velocities  and 
surface  roughness  are  generally  less  Fhe  lighter 
ajjpearance  of  the  riffles  results  from  a possible 
combination  of  increased  bottom  reflection  and 
increased  solar  reflection  due  to  water  surface 
roughness  A large  riffle  (1  in  Fig  4)  that  extends 
across  the  Waits  River  is  freciuently  the  site  of 
ice  jams,  lied  material  here  is  ccjarse  with  ex- 
posed boulders  (2)  and  cobbles  (3)  In  Figure-  1, 


‘Sun^;lint  fs  synorivnious  with  hotspot  (»r  stfl.ir  r»'th'<tio»T 
Hotspot  IS  (Irtinofi  <is  th«*  (U’striK  tion  ot  finr  (jot«iil  on 

,1  portion  ot  .1  widr  .inylr  .htmI  photo^r.iph,  it  is  (.lusod  liv 
the  <)l)srn(  (>  ot  sh.idows  ,ind  [>v  h.ddtion  nr.ir  the  ( ulon^.i 
tuin  of  fi  linr  troni  fh'-  sun  flirtFUt!*  I'xposu'  st<itn»n 

(Avcfv  1‘thrt.  p H7)  ((  ')[ivri>4lil  Ihri;-  I’uhlisfiin^  ' .mii.inv 
r»*pfinti*<!  t)V  pnrinissifu 


channel  islands  (3),  shoals  or  bars  (4),  and  ex- 
posed rocks  (.3)  obstruct  flow  and  contribute  to 
the  ice  jam  potential  of  a particular  river  reach 

Following  the  measuring  procedures  sug- 
gested by  Langbein  and  Leopold  (19b())  and 
Leopold  and  Maddock  (1953),  meanders  (b  in  1 ig 
3)  were  classified  into  six  grou()s  (Fig  5,  Table  III) 
based  on  the  angle  between  0°  and  180°  made 
by  the  river  reaches  on  either  side  ot  the 
meander:  A = 0°  to  30°,  II  = >30°  to  (>0°,  C 
= >b0°  to  90°;  D = >90°  to  120°,  F =>120°to 
150°;  F = >150°  to  180°  The  upstream  meander 
in  Figure  3 is  class  A,  the  two  middle  meanders 
are  class  11  Riparian  trees  and  brush  (7)  may  tend 
to  impede  the  break-up  and  release  of  an  ic  c- 
lam  they  may  also  reduce  fhe  areal  extent  ol  a 
lam  by  restricting  lateral  movement  out  ot  the 
river  c hannel  (Calkins,  personal  communication, 
197b)  Meander  bars  (8)  were  delineated  because 
flowing  ice  may  become  grounded  on  them  as 
the  ice  moves  through  a meander  I he  sunglint 
(9)  is  shown  as  a very  light  water  surface  that 
results  from  solar  reflection  from  the  water  into 
the  camera. 

Bridge  crossings  where  the  channel  has  been 
narrowed  or  where  bridge  piers  extend  into  tlie 
river  are  sites  where  jams  can  form  LKuall\  piers 
can  not  be  seen  on  the  aerial  (ihotographs.  but 
they  (1)  are  evident  at  a bridge  near  the  St 
lohnsbury  site  (Fig  b)  An  example  ot  excessive 
sunglint  that  obscures  all  water  detail  is  <ip- 
parent  at  Point  2 in  Figure  b 

Pools  (2)  (Fig  7)  upstream  from  clams,  tails  or 
other  flow  control  structures  are  typical  sites 
where  jams  form  Dams  appear  as  distinc  t lines 
(1)  across  the  river  with  white  water  |ust  clovsn 
stream  Ra|)icis  apfiear  as  pate  hes  ot  white-  watc-r 
below  the-  dam  in  this  photc)gra|)h  Sunglint 
obsc  tires  surface  water  detail  on  the  wc-st  side-  ot 
the-  |)hotograph  (1  ig  7) 

In  narrow,  shallow  rivers  many  teaturc-s  art- 
less obvious  This  IS  appart-nt  on  Figure  8,  whit  h 
shows  the  u|)per  (lart  of  the  Croton  site  Rapids 
(1)  are  apparent  u|)stream  ot  and  within  the-  sitc- 
Sunglint  obscures  the  rapids  on  the  dov\nstrt-am 
t-ntl  of  the-  photogra()h  The  a()pt-arante  ot  a 
|)ool  (2)  is  well  illustrated  in  this  figure  1 he  pool 
t ontrasts  well  with  the  ad|ac  ent  ra|)ids  and  nl- 
tles  It  a()()t-ars  to  have  a smooth  surface-  and  the- 
dark  teine-  is  due-  tej  less  bottom  re-tle-etion 
bt-e  aust-  ot  gre-ate-r  de-pths  and  less  sunglint 
be-c  ause  ot  a smoother  wate-r  surlaee-  1 xpose-d 
roe  ks  and  assoe  lali-tl  rough  wate-r  are-  ap))are-nt 
in  the-  upstre-am  e-nd,  but  sunglint  obsc  ure-s  the-m 


tPoinf  ifrMyn.ition'.  (.ufTit»c 
th»*  t lyiiru  or  |)hnf<)ino'..ii(  (App  ' 


t fftiT  to  JcK  rftffFns  <lfl 
< li  sitr 


Table  III.  Summary  of  site  specific  features  and  conditions  as  observed  from  aerial 
photographs. 


Site 

Koer 

( h,iniH‘l 

width-  ttti 

\fav  Vfm 

s/t)p<* 

<rf  mil 

/a//s* 

flow  lontiol 

\lfiu  ft/re 

hildt 

hot/yex 

Kit  hlorti 

MlSSIS<|UOI 

J'lO 

KO 

SI) 

1 1 

SA 

X 

tl’4| 

1 nosburu  Kills 

Mlssist|ilt>l 

'•IH> 

H>0 

SI) 

so 

SA 

X 

1 

l(M) 

ll’^l 

H.irdwit  k 

1 .imtiille 

ll'i' 

t»S 

J't 

SA 

X 

■ 

1 V ndonv  die 

B.issumpsit 

.’IHI 

70 

KS 

s 

SA 

SA 

iV2\ 

ll’It 

SI  lohnsburv 

B.issumpsit 

A IMP 

^0 

1 J4 

- 

SA 

SA 

J 

B 4H',^ 

UN) 

lOM 

IO 

\ 

X 

1 

Kit  hmond 

\\  inooski 

dtp 

ISO 

SO 

S A 

SA 

4 

Moretown 

M.id 

40 

SI) 

H. 

X 

X 

4 

lIMl 

Monl[>elier 

Doi* 

1">(» 

70 

so 

7 

SA 

SA 

1 

1 ast  Montpelier 

V\  intfoski 

IhP 

SO 

so 

IJ 

SA 

SA 

1 

lIMl 

lI’S) 

(iroton 

V\ells 

‘to 

r> 

SI) 

' 1 

\ 

X 

1) 

ll’trl 

1 ast  ( tirinth 

Waits 

110 

to 

so 

4«> 

X 

SA 

1 

(1‘4I 

Br.idtord  ( tr 

\\  .Ills 

J'>(r 

l>S 

107 

J4 

SA 

X 

'i 

Br<ullortl 

Wails 

(BtI 

tl’4l 

1 unbridui> 

I irst 

H') 

40 

f.4 

17 

SA 

X 

0 

IH,int  h V\  hite 

(BfO 

(t'Sl 

Bawlet 

1 lowi'r  Brook 

40 

»s 

SO 

S4 

X 

X 

J 

and  Mettawee 

(IMI 

W ilmini’ton 

l)et*rtielti 

‘Ml 

10 

SO 

s 

SA 

X 

1 

IIMI 

( hester 

V\  illiams 

A SO’ 

JO 

14 

J4 

SA 

SA 

J 

B 1 10’ 

JS 

S<» 

JO 

SA 

SA 

(.^uet  het* 

( )tl.ui(iuet  hee 

UMI 

14S 

1 J 

SA 

X 

1 

(I'l,) 

(I’SI 

t attsville 

( )ttau<|ue(  ht'e 

J^’O 

ss 

SO 

IJ 

SA 

X 

4 

Sotfs  1 Sih'  n.inird  .ittff  town 

2.  i MtiYi.itrs.  (luf  (o  inherent  photo^r.iphu  <ilslortl(>n^ 
t ( ^(lln.lte(|  from  I ’>  .uxl  7 'i  min  topo^r.iphn  (tiiiKlrdn^les  ( I <it)te  III 
4 Kills  vMthin  sUitlv  '•itt*  unless  otherwise  inrlu.ited 
'>  l.ills  ,ind  or  <l,im  downstream  ot  sitt* 

t)  Addftnin.il  me.isoremr'nts  in  lahU*  HI  (App  B),  some  ot  the  imtx  and  min  vaUn's  m.u  not  .ipife.ir  in  Appendix  it  the 
measiirem«*nt  sites  did  not  < orri'spond  to  <i  llM)  it  intrTval  site 
7 \ot  on  phofomos.iK 

H Aveftine  sinuositv  ovr’t  the  length  ot  the  site,  sinuosits  at  various  loralions  within  the  site  wouhl  v.irv 
*t  I rom  upstream  end  ot  Set  tion  1 to  thiwnstrtMm  »*n<l  ot  Sr-t  tion  t shown  on  pholtimos.ju 

HI  Meanders  or  bends  A 11®  to  iO®  B - >t(l®to(>H®  ( >t»(»®toMHO  |)  ><H1®  to  K*(l®  \ >ljtl®  to  IMl®  I 

>l')t)®  tti  IHH®  number  retr'rs  to  how  manv  ot  <i  p.trtuular  t lass 

1 1 Number  ot  tributari(*s  at  site  lart>e  l^SH)  It  w itle  at  t ontiuent  e)  enouuh  tot  t>ntrit)ule  it  e Iti  mam  stream 
1*J  Sr-e  Kible  Bll  (Ajip  Bl 
I t t ntire  site  not  on  photomosaii 

At>brt‘v uitioos  X present  ()  tiense 

NA  not  appartmt  M moderate 

I’l  I’J  elt  reter  to  lotations  on  S sparse 

tile  appropriate  photomosait  Hr  |irt‘domin<int 

Nl)  nt»t  (leterminrMl  So 

I’  pati  hv  > >es 

SB  not  ()rt‘senl 
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Table  III  (cont'd).  Summary  of  site  specific  features  and  conditions  as  observed  from  aerial  photographs. 


SiU‘ 

Kncr 

Ptvrs 

ohst'fwi} 

Kiipnis 
•\hon*  }n 

K/ffIt' 

( hjnnt-l 

\f/f/  ( h,tnnrl 

(ft 

h.irs 

/ \/>Os*‘(/  fO« 

ant/  luHift.i  K 

K .f' 

Ku  htord 

rMlSSlS(JUt)l 

S 

NA 

X 

NA 

X 

X 

X 

N A 

1 1 < 

lIM) 

1 nosburt>  1 .ills 

Missis(|uoi 

N 

NA‘ 

X 

NA 

X 

X 

X 

NA 

1 J'* 

iV2] 

Hartiw  ii  k 

1 amoillt* 

N 

X 

X 

X 

X 

NA 

X 

X 

1 ii‘t 

1 y ndonvilif 

P.tssumtJsu 

N 1 • 

NA 

NA 

NA 

X 

X 

X 

NA 

1 r. 

St  lohnsbury 

P.fssumpsti 

A N 

NA 

NA 

X 

X 

X 

NA 

NA 

1 ill. 

H N 

X 

NA 

NA 

X 

X 

X 

NA 

1 ij 

Ki(  hrnond 

Winooski 

r 

NA 

NA 

X 

X 

X 

X 

NA 

1 m 

iSHifftown 

M.id 

N 

NA 

X 

X 

X 

X 

X 

X 

1 14 

(IMI 

Mont|)f  Ilf  r 

Dok 

\ 

X 

NA 

X 

X 

X 

X 

NA 

1 t.f, 

1 .1st  \1ont[)f Ilf r 

V\  inooski 

N 

X 

X 

X 

X 

X 

X 

X 

1 r. 

(1*11 

(.rottjn 

Wflls 

S 

X 

X 

X 

X 

X 

X 

X 

1 r 

1 ( orinfh 

Waits 

\ 

X 

X 

X 

X 

NA 

NA 

X 

i (»■» 

(IM) 

iir.idtord  ( Ir 

Watts 

S 

X 

X 

X 

X 

X 

X 

X 

1 1 1 • 

Hr.tdford 

WrOls 

(IM) 

1 unbridyt* 

1 irsf 

X 

X 

X 

X 

X 

X 

X 

1 ir 

Hr.int  h,  W hitf 

IIMI 

I'.twIfI 

f lowt'f  Hrook 

X 

X 

X 

X 

X 

X 

X 

1 Ji. 

and  Mftt.twff 

lIMl 

\\  ilminf'ton 

lJt‘f  rtifld 

N 

X 

X 

X 

X 

X 

X 

X 

1 III. 

irji 

(l*4l 

( hfstt'f 

Williams 

A \ 

X 

X 

X 

X 

NA 

X 

X 

1 1 1 

(IVI 

H N 

NA 

X 

X 

X 

X 

X 

1 1 1 

(^iif<  hff 

()tt<iu<|iift  ht>f 

't 

X 

X 

X 

X 

\ 

X 

X 

i im 

(IM) 

lt’4l 

d’H 

l.fttsyillf 

Oll.UKjt/ft  hff 

> ) • 

X 

X 

X 

X 

X 

X 

X 

i r 

ll’'•>l 

(P7| 

(1*1. 1 

IP'.I 

'NiitiihiT  of  bn<Jx>»*s  ,)l  vshit  h wvtv  ohsffvfd 
S(»tfs  I Sitf  .iMfr  iifctrf'.l  ItivMi 

2 ( >itn)<it('s.  tlut’  to  idhtTi'iil  [fltolo^r.ipliit  distortions 
i \ stim.itfd  troni  Kt  .ind  7 '»  min  topo«fctplti(  (ju.i<ir,m^lfs  (l.thlf  ||| 

4 t <dls  vvithin  study  sitt*  imlnss  olhcrwis«>  irtdu  .tied 
')  f<»)Js  jnd  rjr  (J.irn  tlovvnstrtMin  ot  silt- 

f>  Addition.d  itm.isortmicnts  in  1 .thlt*  dl  ( App  d|.  somf  ot  thf  ni.ts  .iikJ  mm  \ .liiifs  nt.iy  nol  .piptMt  m Appontlo  ii  tit*'  nnMsnmiuMil  Mf«-s  did  not  . 
porui  to  it  KKI  It  inttTv.d  sitf 

7 Not  on  (jhoforTi(/s<t»< 

H Awf.inf'  stniiosifv  <»vcf  thf  lonyth  of  thf  sifr-,  smoostty  .tf  v. toot/s  h;<,tfH*ns  withitt  thf  stf*-  nouhJ  \ .ir\ 

'♦  I rom  upstff.tm  ftid  t>f  Sm  turn  1 to  dtivsnsttf.im  fix!  ot  Sft  turn  t shown  «in  plioiumtis.iu 

HI  Mf.tndfrs  Of  bonds  A 0®  to  til®  H >MI®tof>()®  ( >(»0®to‘M)o  [)  >‘M)0  pi  1J(I®  I -‘UMI®  to  1 'ifi®  I >r>fl®  I*i  IHti®  mimlift  t.'iois  p. 

how  ntiiny  ot  d p<irti(  ul.ir  t hiss 

1 1 \iiml)(>r  ot  tnbtitcintw  <it  sitf  l.iri<<>  tl  witff  .it  < ontliit'nt  o)  fnoo^h  to  i ontribiitf  ti  •*  to  m.im  siff.tm 

K’  ^f»•  I.iblf  fill  lApt)  HI 
1 t I ntiro  Mtf  not  on  {ihoiomos.iu 

Abbrovi.itions  X [irostmt  I)  donso 

NA  not  .ipp.ironf  mod*T.itf 

IM  fti  ffti'f  to  lot  .ilKins  on  S sp.irsf 

thf  .i{>pro|>ruitt'  photonios.iit  I’r  prrdomin.ini 

N|)  ntil  (Iftfrininod  N N<» 

I’  ifrilt  hy  > >fs 

\P  not  tiffsont 
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Table  III  (cont'd).  Summary  of  site  specific  features  and  conditions  as  observed  from  aerial  photographs. 


Sitv 

A’/iff 

\ 

a 

Mfdnt/ers 

f /> 

} 

h>u: 

{ tjntJijt'fu  f 

f l<KHipl.iin 
wid/h  nil 

RiPiituin 
tUH's  iirni  Itrash 

Hod 

n Id  ten.}/  • 

/ l<K>df)Liin 
do\ot<tf)mrnt 

Kit  hford 

Missistjutx 

t 

j 

1 

8 

4 

17(Mi  - 1 

P Pr 

SA 

S M 

iB8i  lIMt 

1 nostiiir^  1 <ills 

\tlsMS'Ji|«il 

7 

t 

1 

1 

I •, 

8 

Sl> 

P 

SA 

S 

h.irtIvMt  k 

1 dinoillf 

j 

f> 

1(1 

i 

MJ 

P Pf 

t t>drsf 

S M 

(P4I 

1 \ ndonv  illf 

I’.issimipsii 

t 

4 

1 

4 

.. 

1 

1 

1 

400  — 4(MM> 

P 1) 

SA 

S M 

Il'tl 

Sf  (tihnsbiirv 

f*<isst(fnps(t 

A 1 

4 

t 

I 

) ) 

4 

SI) 

P S 

SA 

S M 

B (> 

10 

•! 

SI) 

P Pr 

SA 

M S 

Hit  hniontJ 

V\  inooski 

f> 

1 

I 

1 

j 

1 

14 

1 1 

SI) 

1)  P 

C oarse 

S M 

(P4l 

Morftown 

M.lcl 

7 

1(> 

1 1 

\ 

1 

2 

40 

f) 

SI) 

1)  [’ 

( oarsf 

s 

ii’iii 

IP4) 

Mtinlfif  Ilf  r 

1)"K 

< 

1 

4 

1 

i 

10 

1 

1 iOO 

Pr  P 

SA 

s 

1 <ist  Mont{)f Ilf r 

\r\  inooski 

- 

1 

1 1 

1 

SI) 

Pr  P 

C tiarsf 

s 

('■roton 

Wells 

() 

10 

4 

J 

1 

1 

Jfi 
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hflure  4.  View  upstream  on  Waits  River  from  point  5 on  photomosaic  12-1  i 
lApp.  Aj.  IPhoto,  courtesy  of  D.  Calkinsl. 


Direction  of 
^ Flow  > 


I inure  f.  Meander  classes 


(iownstrccini  The  many  fxpost'cl  roc  ks  and  some 
lar^f  boiildf'rs  alon^  the  ( hannel  MiK(4('st  lh.it 
the  < hannel  material  is  very  loarse 

Kapids  (1),  a dam  (2),  and  a dam  pool  (t)  .pi 
(lear  m I igure  *)  I he  dam  (lool  oh^(  ores  miu  h ot 
the  detail  of  channel  rom>hnes^  that  is  evident 
downstrc'.im  trom  the  dam,  .ilthoiinh  sho.iK  <ind 
Tittles  with  siirt.ice  vv.ives  are  t.iintlv  ohservaliU' 
at  the  lipht  .ireas  (4)  m the  vs.iter 


At  the  VSilminpton  site  (lip  10)  the  .i[) 
pear.ini  i'  ot  a l.irpe  c ontiuenc  e (1 ) is  illnstr.ited 
Ic  e entering  the  main  riser  trom  ,i  Irihcit.irs  mas 
.idd  enough  u e sokime  to  the  ni.iin  channel  to 
c ontrilnitc'  to  the  torm.ition  ot  .in  ic  e |am  V\  ilhin 
e.K  h site  the  mimber  ot  m.i|or  tnbcit.irs  con 
tkiences  ss.is  c oiinted  (l.ible  III)  Small  con 
tkienc  es  (2)  ll  m 10)  ssere  not  c oiinted  sine  e the 
.imocint  ot  K e c ontrilnited  to  the  m.iin  c h.innel 
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v\as  probably  insiHnltic  ant  The  coarse  texture  of 
the  bed  material  is  apparent  as  shown  by  the 
many  exposed  rocks  in  the  channel  and  by  the 
boulders  (5)  alony  the  shore.  Sunj^lint  obscures 
the  surface  water  detail  on  the  downstream  side 
of  the  photograph  (Tig  10) 

Site  descriptions 

Most  of  the  sites  described  have  not  berm 
observed  in  the  field  with  or  without  ice  jams  by 
the  author  and  the  upstream  and  downstream 
limits  of  sites  as  marked  on  the  photomosaics 
were  provided  by  personnel  from  the  Vermont 
Department  of  Water  Resources  who  have 
visited  all  the  sites  Most  of  the  information  in 
I able  111  was  obtained  from  aerial  photographic 
interpretation,  although  data  on  channel  slope 
were  cjbtained  from  the  USGS  topographic 
t|uadrangles. 

RichiordlSite  II 

because  ice  jams  generally  occur  along  the 
reach  of  the  Missiscjt/oi  Rivor  through  Richfcjrd, 
channel  modifications  have  been  made  along 
this  reach  by  the  Corps  of  T ngineers,  New  York 
District  These  modifications  included  channel 
straightening  near  point  1 and  construc  tion  of  a 
diversion  dam  weir  (2)  Riprap  (‘))  is  apparc-nt 
along  the'  channel  where  modifications  were 
made  Pools  are  very  faint  (7)  and  shoals  are 
gi'nerally  not  apparent  except  near  the  mid- 
channel  bars  cjr  islands  on  the  east  side  of  the- 
site  1 he  river  appears  shallow  (b)  and  deep  (7)  at 
the  two  sharp  meanders  Riparian  vegetation  in- 
cludes extensive  areas  cjf  grass  Downstrc'am  of 
point  .1  floodplain  developmc-nt  is  sparse*, 
howc'ver,  buildings  are  freciuc'iitly  found  on  tht> 
floodplain  very  near  the  c hannel  upstrc'am  lams 
may  form  at  this  site  bc'c.iusc'  ice  movement  is 
slowed  while  passing  through  the-  first  meander 
and  because  an  ice  cover  forms  on  the  pool 
downstream  from  the  rapids  (T)  Morris  and 
Aikc'ii  (1971)  rc'port  that  pirns  freciuently  occur 
hc're  when  ice  accumulates  behind  a stable 
cover  formed  on  pools  and  in  slack  watc'r 
rc'ac  hc's 

[noshurn  fallsISite  Jl 

lams  occur  from  the  power  clam  in  Tnosburg 
(alls  upstream  past  North  f nosburg  (1)  The* 
upstrc'am  limit  of  this  site  is  off  the* 
photomosaic  The  river  slope*  is  gradual  but  is 
not  estimated  because*  contours  on  the* 
topographic  cjuadrangle  (fable  II)  do  not  cross 


near  this  reach  Rapids  (2)  occur  on  the  eastern 
i*nd,  and  pools  are  extensive  Ghannel  widths  arc* 
variable,  approximately  500  ft  at  point  1,  150  It 
at  point  4,  160  ft  at  point  5,  and  are  widest  ne*ar 
mid-channel  islands  and  bars  Most  of  the  chan- 
nel is  bordered  by  grass  with  scattered  trees  and 
brush  The*  floodplain  appears  to  be  wide*,  but  its 
boundaries  are  not  readily  discernible  A t)owc*r 
dam  is  the  downstream  limit  of  this  site,  and  the* 
low  velocity  pool  behind  the  dam  probably 
c auses  the*  formation  of  puns 

Hardwick  iSite  H 

Ice  jams  typically  occur  along  the  Lamoille* 
River  from  Hardwic  k to  Hardwick  Lake  I he* 
channel  slope*  is  generally  uniform,  and  rittle*s 
and  c*x|)C)se*d  mid-channel  rocks  are*  common 
(Tig  11)  I he*  |)ool  bc'hind  the*  Hardwick  L.ike* 
clam  (1)  ai)i>ari*ntlv  c'vtends  a()|)roximately  150  tt 
e*ast  of  the*  bridge*  (2)  vs  here  the  rough  surtaee* 
water  and  rittle's  e*nd  A pool  is  prese*nt  at  the* 
e*aste*rn  c*ncl  ne*ar  the*  bridge  (1)  I he*  channe*! 
mate*rial  ajipe'ars  coarse*  (near  point  4),  and  is 
granule's  to  cobble's  (hg  11,  lable*  1111,  App  II) 

1 he*  c oarse  mate*ri<il  a|)|)e*ars  to  be*  use*d  as  riprap 
along  the*  e hanne*l  ne*<ir  the*  bridge  at  point  2 
Riparian  vi*ge*tation  is  pre'dominantly  grass  and 
brush  along  the*  uppe*r  portion,  and  tre'c's  and 
brush  along  the*  lc)we*r  portion  I he  tlooclpl.im  is 
not  we*ll  detine'd  on  the*  photograiihs  and  the* 
e hanne*l  a|)pe*ars  to  be*  incised,  although  Calkins 
(pe*rsonal  communication,  1971))  stall'd  ih.il  the* 
channi'l  is  not  me  ise*ci  A large*  me*ancie*r  bar  is 
presi'iit  on  the*  sharp  mc'ander  at  the*  e*asle*rn  e*nd 
ot  the*  re*ac  h,  but  bars  are*  not  a|)t)are*nt  on  the* 
othe*r  more*  gradual  meanders  A stable*  ice*  cove*r 
that  lorms  on  the*  lake*  is  a (irimary  lac  tor  in  in 
itiating  ICC*  puns  here*  Irankenstein  and  Calkins 
((>e*rson<il  e ommunic  ation,  197())  point  out  th.it 
fra/ll  ICC*  Irom  the*  u()stre*am  rapids  and  the* 
railroad  bridge*  pie*rs  may  also  be*  im|)ortanl  f.ie 
tors 

Lyndon\illelSiti'4l 

Ice*  pirns  usually  occur  along  the  Passumpsie 
Riv(*r  north  ot  Lyndonville  I he*  wati'r  surtac  e ap- 
(lears  smooth  and  the*  water  appe*ars  de*i'|) 
throughout  the*  reach  Small  niid-channe*l  bars 
are*  a()|)arent  and  Irankenstein  (pe*rsonal  com 
munication,  1976)  has  observed  a micl-c  hanne*l 
bar  in  this  reach  Meander  bars  are*  abse*nl  or 
small  I rees  and  brush  occur  in  (latc  he*s  along 
the*  southern  and  northern  portions,  and  borde*r 
the  I'ntire  c central  (lortion  ot  the*  e hanne*l  I he* 
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I intiro  II.  ( h.innol  ill  Ihirdwick  \iU'  lookinn  ilow  ii'itroiini  Kitik'lll,  ihiiiinvl 
rock',  121.  to.irsc  chiinnci  miitcrhil  i li.  Il’holo.  LourH",\  ol  S DonI hirtani 


Hoodplcim  width  is  Vciri.ihU',  4()l)  tt  niMr  point  (i) 
•ind  nearly  401)0  It  at  the  southern  end  ac  ross  tite 
north  side  of  1 yndon.  ilh‘  I ive  hridyes  cross  the 
rivc'r,  thrc‘c'  nc'ar  nn>anders,  l)rid>’e  pic'rs  are  visi 
hie  at  the  middle  hridne  only  It  Is  likely  th.il  the 
( onihlned  c'ffec  ts  of  a mild  sharp 

nieandc-rs  that  restrict  p<issaKe  of  flowing  ice  in 
itiafc'  local  lamming  ( alkins  (|)c'rsonal  com 
nuinicafion,  lO/h)  fc'c-ls  that  the  slope-  chaiiHc 
aloiiH  this  rc-ac  h is  the-  ma|or  fac  tor  flowevc-r.  in- 
die ators  of  this  change-  are  not  a|)|)ari-nt  on  thc- 
photomosaic  s,  this  (icjints  out  the  need  lor  tic-lcl 
verific  aticjn  and  ground-truth  data  collection 
surveys  as  an  intc-gral  part  of  furthc-r  invc-stiga- 
fions  using  (ihotointc-rprefaf  ion  tc-c  hniciuc-s 

St.  lohnsbur'/tSite  SI 

Icc-  lams  frec)U(-ntly  oc  c ur  in  two  rc-ac  hc-s  of 
the-  Passum|)sic  River  near  St  lohnsbury  Re-ac  h 
A,  from  Sf  lohnsbury  ( e-nter  (1 ) to  the-  north  end 
of  Sf  lohnsbury  (2),  and  Re-ac  h H,  from  the-  clam 
|ust  north  of  the-  c onflue-nc  e-  of  the  Moose  (S)  and 
I’assumpsic  Riye-rs  to  the-  first  clam  ciownstre-am 
Irom  St  lohnsbury  I he-  northern  end  ol  Reach 
A,  ne-ar  St  lohnsbury  ( e-nler,  a[)|)e-ars  to  bc- 
shallowe-r  than  the-  southe-rn  end  Sunghnt  (f)  on 
the-  southe-rn  [lortion  ot  e-ac  h photograph  in  the- 
|)hotomc)saic  enhance-s  vs.ite  i surface  roughness 
fe-afure-s  and  shows  that  the-  roughne-ss  de-c  reases 
to  the  south  along  the-  re-ac  h Water  is  too  clee-j) 
lor  indications  ot  cle-[)th  changes  to  be-  a|)()are-nl, 


although  scalte-re-cl  sin.ill  rilllc-s  are-  taintly  a()- 
p,ire-nl  I he-  floodplain  is  narrovs  e-vcc-()l  ne-,ir  St 
lohnsbury  ( e-nte-r  and  south  to  the-  large-  llat  (4), 
and  c hanne-l  yyidlhs  vary  Irom  71)  to  l()()  tt  (lable- 
Ifl,  App  If) 

Inclic  ations  ol  c hange-s  in  re-lative  cle-()th  along 
Re-ac  h If  .ire-  .ippare-nl  only  around  the  island 
ne-ar  the-  mouth  ol  Slee|)e-rs  River  ((>)  I he- 
llooclpl.iin  .ippe-ars  to  be-  y\  icier  and  the-  c hanne-l 
sh.ipe-  more-  yari.ible-  along  this  re-ac  h Channc-I 
yviciths  along  Re-.ic  h If  (lable  Ifl,  Ap|)  If)  are 
grc-.ile-r  and  more-  variable,  and  tive-  ma|or  c han- 
ne-l c onstric  tions  (7)  oc  c ur  Previous  studies  (U  S 
Army  Corps  of  I ngme-ers  1472)  indic  ated  the- 
(irimary  fac  tors  c ausing  ic  c-  pirns  in  the-se-  re-ac  lies 
to  be  the  bridge  piers,  the-  pool  from  the  clam, 
<ind  the-  c hanne-l  c onstric  lions 

KichmondtSitchl 

I he-  ice-  lam  site-  e-\te-nds  from  the-  hricige-  m 
Richmond  dcnviistream  4 S miles  to  the-  railroad 
bridge  I he-  smooth  appearanc  e ot  the-  yyate-r  sur- 
lace  sugge-sts  that  the-  yvater  is  ge-ne-rally  cli-e-i> 
and  that  ritfles  are-  not  (irominent  I he-  channel 
IS  yvide-st  ge-ne-rally  ne-.ir  b.irs  or  isl.incis  I re-e-s 
and  brush  border  this  re-ac  h,  e\ce|)l  along  ihe- 
we-st  b.mk  north  ol  the-  interstate-  hricige-s  (S) 
yy  he-re-  grass  borcle-rs  the-  c hanne-l  Orassy  pate  he-s 
iilso  borde-r  the-  re-ac  h at  a fe-w  sm.ill  .ire-.is  e-lse- 
yvhe-re-  Me-.inde-r  bars  (1)  have-  torme-d  on  tyso  ol 


21 


the  meanders  I he  floodplain  is  usually  wide,  ex- 
cept at  location  (2),  where  the  river  flows  in  a 
narrow  channel  with  no  floodplain  Develop- 
ments on  the  floodplain  are  farms,  a trailer  park 
( 5),  and  the  town  of  Richmond  Piers  for  three  of 
the  four  bridges  that  cross  this  reach  are  ap- 
parent, but  the  piers  were  not  built  in  the  river 
channel.  The  factors  that  most  likely  initiate 
jams  are  the  railroad  bridge  piers,  meanders  and 
mid-channel  islands  or  bars 

MoretowniSite  7] 

jams  generally  occur  from  approximately  1)  b 
miles  upstream  from  the  dam  (1)  to  1 mile 
u|)stream  from  Moretown  (2)  Sunglint  (.S) 
obscures  the  water  surface  in  several  locations 
on  the  downstream  end  of  the  reach  The  chan- 
nel widths  are  variable;  where  bedrock  is  ex- 
|)osed  (7)  the  river  channel  is  narrower  than 
where  the  bedrock  is  not  ex|)osed  Along  the 
southern  side  trees  and  brush  occur  on  the  lower 
third  of  the  reach,  and  are  patchy  elsewhere 
Along  the  northern  side,  grass  and  brush  border 
most  of  the  channel,  and  trees  or  patches  of 
trees  are  scattered  At  the  upstream  end  of  the- 
channel,  the  floodplain  is  airproximately  1600  ft 
wide;  at  the  eastern  end,  it  is  absent  The  likely 
causes  of  jamming  are  the  dam  (1)  (tool  and  the 
shallow  channel 

Montpelier  iSileSj 

The  site  along  the  Dog  River  is  approximately 
15  miles  southwest  of  Montpelier  The  channel 
slo|)e  appears  to  be  uniform,  and  riffles  are  more 
prominent  than  pools  There  appears  to  be 
riprap  just  east  of  point  2 on  the  outside  of  the 
sharp  meander  The  channel  widths  are  variable 
(70  ft  at  point  1,  lOO  ft  at  2,  150  ft  at  5);  they  are 
generally  widest  near  mid-channel  bars,  and  nar- 
rowest along  meanders.  The  sharp  meanders, 
mid-rhannel  bars  and  associated  shallows  prob- 
ably cause  the  ice  jams  Calkins  (personal  com- 
munication, 197b)  suggested  that  the  local 
change  m slope  and  the  confluence  with  the 
Winocjski  River  (north  end  of  photomosaic)  may 
also  be  im()ortant  factors. 

fast  Montpelier  ISite  91 

I his  site  is  loc  ated  betweem  Plainfield  and 
last  Montfielier  on  the  Winocjski  River  I he 
channel  slope  appears  uniform  Water  appears 
shallow  near  the  bars  (2)  and  along  the  eastern 
part  of  the-  rear  h whcTe  riffles  are  c ommon, 
along  the  westc-rn  portion  of  the  reach,  it  ap- 


pears deeper  since  pools  are  predominant  The 
channel  widths  are  variable  125  ft  at  point  5, 
IbO  ft  at  point  4,  50  ft  at  point  5,  75  ft  at  point  b, 
and  widest  near  mid-channel  bars  Sharp  mean- 
ders occur  at  the  western  end  of  the  reach  and 
the  flocjcifjiain  is  widest  at  this  end  A small 
downstream  dam,  mid-channel  bars  and  thc‘ 
meanders  (rrobably  restrict  ice  flow  enough  to 
be  the  major  factors  initiating  jams 

Croton  ISIte  10) 

Ice  jams  form  along  the  Wells  River  from 
Groton  (1 ) ufjstream  approximately  2 miles  along 
the  South  branch  (2)  From  the  uiJStream  end  to 
the  confluenc  e of  the  river  with  the  North 
branch  (.5),  the  channel  slofre  is  steej),  depths  are 
usually  shallow,  riffles  are  (treclominant  and 
long,  pools  are  scattered  and  short,  and  the 
floodplain  is  generally  narrow  below  the  con- 
fluence, the  floodplain  is  wider,  and  the  sicjfje  is 
more  gentle,  although  still  stee[)  bedrock  is  c‘x- 
(losecl  at  point  7 Channel  widths  are  variable'  f5 
It  at  (joint  K,  90  ft  at  (joint  9,  and  70  ft  at  (jcjini  10 
lm(jortant  factcjrs  in  causing  ice  jams  are  (jrcjb- 
ably  reduced  c hannel  slo(Je  (45  ft  mi)  between 
the  most  cicjwnstream  bridge  and  the  third 
bridge,  shcjaling  (5)  near  Grcjton,  and  the  most 
cIcjwnstream  meander  Calkins  ((jersonal  ccjm- 
municaticjn,  197b)  said  that  the  mcjst  significant 
l.ictcjr  IS  the'  reduced  channel  slo(je  in  the 
llcjcjcl(jlam  and  (jcjssibly  fra/il  ice  fcjrmation  in 
the  stee|j  reac  hc's 

I ast  CormthiSite  1 1 1 

Ice  lams  ty|jically  occur  at  the  confluence  cjf 
the  Waits  River  and  Tabor  branch  (1)  near  last 
('ormth  (2)  1 hc'  channel  is  stee(jest  along  the 
labcjr  branch,  and  it  is  shallow  Pools  along  the 
Waits  River  portion  are  usually  small  and  not 
too  clec'tJ  The  channel  widths  along  the  labor 
branch  vary  frcjm  a(j(jroximately  TO  to  50  ft,  and 
widths  increase  to  75  to  110  ft  along  the  Waits 
River  Ice  jams  have  formed  along  the  W'aits 
River  at  the  bridge  (5)  near  the  confluence  and 
have  caused  ice  flowing  clown  the  Tabor  branch 
to  stabilize  and  back  u(j  the  T abcjr 

Bradford  CenterlSite  I2)and 
Bradford ISite  I i) 

Site  12  extends  from  the'  igjstream  hnjit 
(shown  on  (jhotomcjsaic ) to  bradforcl  ( entc'r  (1) 
Site  IT  extends  frcjm  point  2 to  the  downstream 
limit  In  scjme  years  lams  occur  alcjng  the'  c'ntirc' 
rc'ac  h,  but  generally  are  limited  to  these'  IcJe  a- 
ticjiis  For  (Jurposes  of  this  discussicjn,  sites  12 
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and  1}  are  c onsidered  as  one-  I h»‘  relative-  the-  dam,  grass  borders  the  north  side-  ol  the- 

depths  are  more  api)arent  ht-re  than  along  many  reach  bars  (4)  are  common  in  the  pool  behind 

of  the  other  sites;  therefore,  the  l(*ngths  of  the  (he-  dam  (1),  a few  are  scattered  upstream  f s- 

pools  and  riffles  were  mc-asured  (lable  bill,  posed  rocks  upsfream  suggest  cobblv  to  boul- 

App  b)  the  riffle  lengths  varied  from  190  to  dery  c hannel  material,  whereas  the  bars  nc-ar  the 

1h2'>  ft,  pools  varied  from  110  to  821  ft  I he-  dam  airpear  finer  grained  1 he  floodplain  is  nar- 

channel  widths  were  meascirc-d  in  three  reaches:  row  and  the  brook  a|)pears  to  be  me  isc-cl  I he 

within  the  site,  u|)stream,  and  downstream  primary  factor  in  causing  ice  jams  is  probably 

(Table  bl,  Ap()  b)  Vegetation  consists  primarily  the  clam  pool 

of  tree-s  and  brush  with  scatti-reci  patches  of 

grass  and  brush  1 he  floodplain  is  very  narrow  or  Wilminf’ton  ISite  /6/ 

absent  Development  through  this  area  is  con-  lams  usually  start  to  form  in  the  utiper  c-nd  of 

centrateci  at  braciforcl  Center  and  scatterc-d  Harriman  Reservoir  (1J  where  flow ing  rivc-r  ic e is 

along  the  downstream  c hannel  I he  primary  Tac  - stopped  by  the  stable  ice  c over  that  forms  on  the 

tors  that  initiate  jamming  are  Icm-  flows  thaf  oc-  reservoir  The  lams  can  extend  a mile  uirstream 

cur  along  wide  areas  with  shallow  depths  (1  ig  4),  through  Wilmington  The  channel  widths  vary 

and  restricted  flows  that  result  from  mid-  from  a|)proximately  TO  ft  at  point  1 to  90  ft  at  the 

c hannel  obstructions  (i  e , islands  and  bars)  Mor-  western  end  of  the  c hannel  1 he  c hannel  appears 

ris  (197T)  re()orts  that  ice  bumpers  have  been  incised  with  no  apparent  floodplain,  and  the 

suggested  for  reducing  the  effects  of  jams  at  this  pools  are  small  The  bottom  material  of  the 

^-de  channel  ajjpears  cobbly  to  bouldery  upstream 

from  the  bridge  and  at  the  bars  (4)  I he  ma|or 
funbridfielSIte  141  factor  initiating  jams  is  the  ice  buildu|)  behind 

lams  generally  occur  along  the  1 irst  branc  h of  the  stable  ice  cover  on  Harriman  Reservoir 

the  White  River  from  below  the  Tairgrouncis  just 
south  of  Tunbridge  (1)  upstream  to  North  1 un- 

bridge  (T)  The  lengths  of  the  riffles  and  pools  Chester iSite  1 71 

were  measured  (Table  bill,  App  b),  since-  (here  arc-  two  reaches  along  the-  Williams 

relative  de()ths  are  apparent  Ihe  avc-rage-  riftle  River  near  C hester  where  ice  |ams  typically  oc- 

length  is  910  ft;  the  average  pool  Ic-ngth  is  9()0  ft  c ur  Rc-ac  h A is  1 S miles  north  of  North  Che-stc-r 

Ihe  longest  riffles  and  [)ools  occur  along  the-  (point  1 on  Rc-ac  h b),  and  Reach  b c-xte-nds  trom 

southc-rn  portion  of  the  river  The- c hannel  widths  C'hc-stc-r  11  straight  line  milc-s  clovs nstre-am 

( 1 able  bl,  App  b)  vary  from  40  ft  at  point  1 to  HI  Along  Rc-ac  h A,  one-  pool  (2)  i--  ap|)arent,  the-  rc-- 

tt  at  (joint  ()  Ground  surveys  inclicatc-d  that  the-  maincic-r  of  the-  rc-ac  h is  a riffle-  1 x[)osc-d  rocks 

channel  bottom  material  is  variable-,  from  arc- c ommon  and  ratJids  arc- small  Channc-lwicl- 

granulc-s  to  boulders.  1 rees  and  brush  arc-  ths  ( I aljlc-  bl,  AtJt)  b)  vary  from  20  to  10  It  1 hc- 

(jrc-clominant  here,  and  grass  is  (jalc  hy  I he-  llc)od|>lain  is  w ide- (about  1 100  It)  and  marshy  ( 1) 

floc)cl(jlain  widths  are  variable  and  wider  in  the-  on  the-  v\c-st  ce-ntral  side  Ihe-  meanders  and  the 

U(>|)c-r  (jortions  of  the  reach  Ihe  most  likely  tac-  mc-andc-r  bars  at  tbc-  southc-rn  c-ncl,  and  thc- 

tor  causing  jams  along  this  reach  is  the  (jool  sh.illow  watc-r,  may  be-  the-  [jrimary  tac  tors  that 

bc-hind  the-  dam  (2)  because-  the-  (jool  de>v(-lo|)s  a initiate-  the-  ic  e lams 

stable  ICC-  c ovc-r,  river  icc-  accumulatc-s,  but,  as  Ihe-  channel  along  Rc-ac  h b a|)|)c-ars  to  bc- 

Dc-nHartog  (|)c-rsonal  communic  ation,  197f))  di-c-|)i-r  th.in  that  along  Rc-ac  h A and  has  sevc-ral 

[jointc-d  out,  this  is  not  always  true  lor  all  |ams  mid  channc-l  bars  and  large-,  well  dc-vc'lo|)c-d 

that  form  at  this  site-  mc-andc-r  bars  ( h,innc-l  widths  vary  trom  21  to 

I 10  It  Although  rillle-s  and  shallow  [jools  are  a()- 
Raw/etfSite  / I)  liarc-nt,  most  ol  the  c hannc-l  is  shallow  Channel 

lams  frec|uc-ntly  form  east  of  I’awic-t  u|)strc-am  bottom  m.itc-rial  a|)|)e-ars  coarse-  |note  the  ex- 

from  the-  dam  (1)  Ihe-  c hannc-l  slc)[ii-  is  stc-i-|)  and  (josc-d  bouldc-rs  and  the-  coarse  a|)|)c-aranc c-  (4)] 

at)|)c-ars  uniform  Ihe  channi-l  dc-()ths  a()|)i-<ir  Ihc-tlood()lainwidlhvariestrejm  2000ftallhc- 

variable,  with  shallow  (jocjIs  (2)  and  rifflc-s  ( 1),  the-  south  c-nd  to  1000  ft  m the-  middle-  Ihe-  mid- 

riffles  are  common  Ihe-  channel  vcidihs  ^a.•■^  c h,inni-l  Ijars  and  bridge- may  be- the- c ontrolling 

from  21  to  40  ft  Most  of  the-  u|)stream  (larl  ol  tac  tors  c ausing  ic  c- lamming 

the-  c hannel  is  bordered  by  tre-c-s  and  brush,  nc-ar 
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Hfitire  12.  View  upstream  on  the  Ottauquechee  Riser  from  upstream  point  i 
on  photomosaic  Id.  Rapids  in  ioreurcjund  and  center  are  shoisn  on 
photomosaic.  tPhoto,  courtesy  oi  D.  ( alkinsl. 


HHure  li  View  upstream  on  the  Ottauquechee  Riser  trom  point  S on 
photomosaic  Id.  Note  riffle  in  center  and  coarse  material  on  the  har  i Photo, 
courtesy  of  D.  Calkinsl 
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Quechee(Site  181 

)ams  occur  from  the  dam  (1 ) in  Quechee  (2)  to 
a location  two  miles  upstream  Shoals  are  align- 
ed longitudinally  along  the  channel  and  the 
deeper  water  occurs  on  either  side  of  them 
Small  pools  are  common,  and  although  riffles 
are  not  prominent,  they  do  occur  (hg.  12)  Chan- 
nel widths  vary  from  100  ft  at  point  5 (Fig.  1 5),  to 
266  ft  at  point  6.  Usually  the  widest  sections  of 
the  channel  are  adjacent  to  mid-channel  bars  or 
islands  Trees  and  brush  border  the  upper  third 
of  the  channel,  while  grass  and  brush  with  patch- 
es of  trees  border  the  lower  two  thirds.  Calkins 
(1976,  Fig  4d)  describes  an  ice  jam  below  the 
foot  and  golf  cart  bridge  and  states  that  the  pool 
behind  the  Quechee  Dam  is  the  major  factor  in 
causing  the  jam  because  it  prohibits  ice  move- 
ment by  developing  a stable  ice  cover  that  backs 
u|)  upstream  river  ice 

TaftsvillelSIte  19) 

lams  have  occurred  at  various  locations  along 
the  Ottauquechee  River  from  the  dam  (1)  in 
F af tsville  (2)  (section  A on  photomosaic)  through 
Woodstock  (.5)  to  West  Woodstock  (4)  (Section 
C)  * Depths  appear  shallow  along  most  of  the 
reach  in  this  area;  pools  (6)  are  less  numerous 
and  not  as  long  as  riffles  (7)  Sunglint  (8)  is 
minimal  and  occ  urs  on  only  a few  photografrhs 
I-he  channel  widths  are  variable,  mid-channel 
bars  or  islands  are  common,  and  meander  bars 
occur  at  most  cjf  the  meanders  The  channel  aj)- 
[)ears  incised  along  Section  A Dense  trees  and 
brush  are  predominant  along  Section  A and  the 
lower  half  of  Section  IT  Along  upper  Section  11, 
dense  patches  of  trees  and  brush  are  sparser  and 
grass  IS  more  common  than  m section  A Frees 
and  brush  are  sparse  along  the  north  side  in  Sec- 
tion C,  but  dense  along  the  south  The  floodplain 
IS  prominent  (ISO  ft  wide)  upstream  from  loca- 
tion 9 Across  the  large  meander,  the  floodplain 
IS  2S()0  ft  wide,  but  it  narrows  to  approximately 
loot)  ft  in  West  Woodstock  liridge  piers  are  evi- 
dent at  the  upstream  bridge  (10)  in  Woodstock 
Fh(‘  mcjst  likcdy  cause  of  ice  pirns  in  S<*ction  A 
and  the  lower  portion  of  Section  II  is  the  dam 
pool  in  Faftsville  Farther  upstream,  the  shallow 
water,  bridge  piers,  mid-channel  and  meander 
bars,  and  the*  meanders  may  initiatr*  pirns 


•Si'(  lions  A iind  H on  Ihn  |iholonios,ii<  |oin  .it  Ihn  .irrosvs  I 
find  2 in  thn  middle  ol  Sni  lion  A .ind  on  the  Iowit  riuhl  ol 
Se(  lion  H Set  lions  H <ind  ( on'rl,i|i  (loinl  I)  is  i ommon  lo 
holh 


Aerial  (ihotographs  provide  a regional 
perspective  for  evaluating  the  channel  charac- 
teristics at  an  ice  jam  site  and  for  analyzing  the 
geographic  setting  at  each  site.  The  regional 
perspective  can  be  very  useful  in  selecting  loca- 
tions along  the  river  where  ground  surveys  and 
cross  sections  might  be  made  for  further  evalua- 
tion of  the  river  characteristics 

The  utility  of  aerial  photographs  in  the 
analysis  of  ice  jams  and  ice  jam  sites  is  clear 
Photographs  of  ice-free  conditions  are  useful  in 
estimating  channel  widths,  and  riffle  and  (lool 
lengths;  in  identifying  channel  obstructions, 
shape,  bottom  materials,  and  floodplain  charac- 
teristics; in  surveying  for  locations  of  cross  sec- 
tions; and  in  providing  a regional  perspective  to 
evaluate  channel  characteristics  upstream, 
through,  and  downstream  from  an  ice  jam  site 
Photographs  taken  after  ice  jams  have  formed 
are  useful  in  identifying  the  formation  stage  of 
ice  cover  growth,  in  analyzing  the  size,  shajie, 
and  distribution  of  the  ice  blocks  that  form  the 
jam;  and  in  documenting  ice  jam  breaku|)  and 
movement.  Aerial  photogra|)hs  should  be  taken 
during  ice-free  conditions  when  the  river 
discharge  is  similar  to  that  during  ice  pim  forma- 
tion, when  trees  are  bare  or  nearly  so,  and  when 
haze  is  generally  minimal  to  provide  maximum 
photographic  clarity 

In  detailed  investigations  of  the  ( harac  leris- 
tirs  of  ice  pim  sites  or  of  ice  pirns,  the  results  of 
the  interpretation  of  the  aerial  photograjihs 
should  be*  verified  by  conducting  ground  sur- 
veys Ground  surveys  should  also  be  (lerformed, 
particularly  fcjr  site  analysis,  to  determine  the 
(iresencc*  of  bridge  piers,  the  size  of  bed  material 
not  always  apjiarent  c^n  aerial  (ihotographs,  and 
the  slope*  of  the  channel  along  its  longitudinal 
profile*  In-depth  analysis  of  ice*  pirns  must  also 
include  the*  compilation  and  synthe-sis  of  1) 
historic  al  intormation  re*garding  tre*c|ue*nc  y, 
se*ve*rity,  and  resulting  flood  damage*  and  chan- 
nel erosion,  including  description  ol  (irevious 
puns  (i  e , time  pun  formed,  flooding,  movement 
and  breaku|))  from  local  ()eo|)li*,  and  2)  data 
from  aerial  photographs  take*n  during  ice*  and 
ice-lree  c onclitions 

Galkins  (1976)  iioints  enit  that  ge-nerally  no 
single  fat  tor  is  respcsnsible  tor  initiating  ic  e*  pirns 
However,  one  condition  does  repeatedly  show 
u|)  in  the*  aerial  photograjihs;  a flow  control 
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structure  In  the  19  sites  evaluated,  at  least  15 
(79%)  have  a flow  control  structure  of  some 
type  within  the  site  or  downstream  from  it  This 
implies  that  a pool  with  a backwater  condition 
of  low  velocity  exists  and  that  a solid  ice  ccjver 
forms  on  the  pool  This  solid  ice  cover  often  im- 
pedes the  transport  of  ice  downstream  from  the 
fast  flowing  reaches:  conseciuently  the  jams 
form  behind  these  pools  The  structure  might  be 
a small  power  dam,  a flow  control  weir,  a bridge 
pier,  or  a natural  constriction  that  creates  the 
backwater 

There  are  sites  with  no  structures,  however, 
where  ice  jams  occur;  the  conditions  responsible 
tor  initiating  the  jams  at  such  sites  are  unclear 
Generally,  in  these  locations  jams  form  at  sharp 
meanders  in  floodplains,  where  there  is  a natural 
channel  restriction  or  widening,  or  a significant 
change  in  water  surface  slope,  usually  from  a 
steep  to  a mild  condition 

Many  of  the  conditions  suspected  to  be  fac- 
tors causing  lams  at  the  sites  studied  could  be 
changed  in  such  a fashion  that  the  jams  would 
not  form  or  that,  if  they  did  form,  they  would  be 
less  severe  and  their  effects  less  of  a problem 
than  at  present.  However,  any  modifications, 
such  as  straightening  the  channels,  changing  the 
shapes  of  channel  cross  sections,  increasing  their 
depths,  etc.,  would  alter  the  character  of  the 
river  regimes  and  the  environmental  settings  at 
the  locations 

Hando  (personal  communication,  1977)  indi- 
cated that  this  aspect  of  environmental  altera- 
tion is  extremely  important  to  local  people  near 
the  ice  jam  sites  and  throughout  Vermont  The 
"Vermont  as  Vermont"  consideration  of  alter- 
natives for  reducing  the  effects  of  ice  jams 
would  have  to  be  addressed  before  any  channel 
or  structure  modifications  performed  to 
alleviate  the  problem  of  future  ice  jams 

ADDITIONALSTUDIES 

Future  studies  using  aerial  photographs  could 
c'numerate  the  characteristics  of  selected  ice 
lam  sites  in  New  Ffampshire  and  Maine  m a fash- 
ion similar  to  that  of  the  (iresent  study  and  give  a 
weighted  value  of  these  c harac  teristic  s basc'd  on 
the  results  to  date  of  the  studies  of  ice  |am 
mechanics  I his  would  provide  a permanent 
phcstographic  record  of  the-  important  sites  with 
an  accompanying  evaluation  of  the  channel 


characteristics  that  play  a dominant  role  in  caus- 
ing ice  jams  Such  a record  might  be  useful  to 
those  evaluating  possible  approac  hes  to  remov- 
ing jams  after  the  channels  are  obscured  by  ice 
Wilkinson  (personal  communication,  1977)  in- 
dicated that  these  studies  of  natural  and  arti- 
ficial means  of  jam  breakup  and  of  the  success 
of  ice  lam  removal  operaticjns,  inc  hiding  ap- 
propriate techniques,  limiting  factors,  etc, 
would  be  helpful  to  Corps  of  Engineers  field  of- 
fices 

A long-term  investigation  addressing  the  proc  - 
esses of  ice  jam  formation,  the  hydraulic  s of  the- 
river  at  an  ice  jam  site,  and  the  mec  hanics  of  ice 
jam  formation  on  the  Ottauquechee  River  is  cur- 
rently underway  * Wilkinson  (personal  com- 
munication, 1977)  pointed  out  that  such  an  in- 
vestigation is  needed  and  that  results  from  it 
would  be  very  useful  The  ultimate  objective  of 
that  study  is  to  determine  whether  the  location 
and  the  time  of  an  ice  jam  c an  be  firedicted  1 his 
is  not  presently  possible 
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APPENDIX  A:  PHOTOMOSAICS  OF  SITES 


The  original  photomosaics  used  in  this  work  were 
from  2 to  5 times  the  size  of  the  reproductions  in 
this  Appendix  Each  caption  contains  the  scale  of 
the  original  photomosaic  and  the  amount  each 
photomosaic  was  reduced  for  publication 

I 

i 


i 

I 


■ f jui 

1 ■BgiB 

Bpki^Mn^  .^^HB|jiKi%^ 

^0^9 

^^HB^^R^B^Xihr  i^P 

^ T \,0jrV^iKi  M 
Cj^*  5^^K42vCIL‘  .B 

W'V 

■fMkwW 

Fifiure  Al.  Missisquoi  River,  Richford,  Vermont. 
21  April  197b,  Original  scale  I in.  = 5J2  ft:  'A 
original  si/e 


PRSCSDINO  PAQK  PUNK-NOT  fllMSD 


■ / .A  jp 

S "'St-  ' -''^.  ■ 

\M.  »■>  _ 

y 'v 

Rv-  1 

■«f  ' 

■p,  Si 

trr^. 

- '**1- 

*•4  « 

A'  ''i^  *'' 

■BbJK 

y 1 

Iq^vjiK^IIk: 

liKiirr-M  t .imoillr  Ki\t'r  H,ir</\\i(k  Xermont 
■\pnl  (hinin.ll  si.ilf  I in  -4  {~i  II 

orif’in.il  si/c 


VSbPj9^ 

C- 

QSr 

^Sbb^  y M. 

^1^  >^  • " fy^ 

’■/'»?^g.\y 

CwlV  . <■ 

7 


31^3^ 

¥Mf 

.vLjr  'v- 

r ;.t  /viv  . ^ 

1 - *iii^..  V-^Vv  A’i  V'’^vjH 

mh  -^vi 

'twdl^  t 

M 

Z't^-  . j 

IP 

ifl 

HhBI 

IBK^ 

s 

^E^Wi 

limin'  Ma  u,.//s  Knor  (.rotnn  [I'rmoni 
\nnl  m-h  Onmn.il  si.ilr  / 44; 

ontiiihil  S//C 


y.^-W^  ' ■'  ■ J 

!J^>  -HWr^  |"T^^  ^ - 

F>v  ■hk.^^VBMkjTk^'  < ' ' xV  j 

iatl 

M0  WmJ^ 

(ovv(>r  H 
I l<>  \;)f 
origin, tl 


TSPfr^TjUr tJ 

m^srnMi 

\m^  HmSk  »'.'..^i 

i^Jw/  3sE^j 

t-  * 

3b  «H 

n^Hpiy^' i^^BHnnynigf 

I iHiiro  MH  OlttHiquf'i  hvv  Ri\or.  0(/C( /)(•< 
nionl.  I"  ^pnl  Onuin.il  sc.i/c  / in 
' : on^’in.il  si/t' 


2e  ^cA%  ml* 

1 ^'*  .■  afl 

L^  <‘^H 

W # '•^  ' ■'I 

A wIm 

HI.  Cj.armel  viiths  (I’t)  at  approxinuitely  100- ft  interval 


Co)  lUS.  90)  95  120)  115 


IC,  Bradford  Center  and  Bradford  site.  ID.  Tunbridge  site. 


± * * 

OkfNOOlfN^pNlAOOlTvOOC 
CO  t— -9  fovo  t— CO  m\Daoa>c 


“It--*  f-co  Orf'  : 


+ 

ou>o>AOi/NOtr»ooooir»oooiAiAoo 
CO  ^ ITkt— VOUNVOJVOf-f-COt—  us  uwo 


ooiAi/NiAOOoiAOoooooiAirx 


w M O lA 

w.  w O'  O 
US  a + -f 
OlAOlAOO 
^ O'  »H  r-  CM  Cvj 


»H  CM  CM  lA 

+ ± + OOOIAOO1AOO  + +1 
lAOOOCOOOH»SrH<VIP^Ci>Oi 
rH  >H  CO  f—  VO  1 


lA  O lA  iA  lA 
CO  <H  Os  CO 

AIAIAIAOOA  + ♦ ♦ ♦ + O1AO 
mmfy,H<HOfVi«AlAOlAO«HOsr^ 


lAOOOOlAOOOlAlAAAOO 
iHmC>jrn(SJHiH<MCVjCSjCMC\llA..»fn 
^ ^ rH  r^  rH  rH  rH  fH  r**  rH  rH  rH  rH  rH 


SUviAQlAOQOOlAOJAlAOlA 
OOsOOrHOrHOO>OOsOrH-H 

^rH  rHr^rHrHr^  rH  rHrHrH 


n)  100  20)  50  30)  110  ItO)  150  (DE)  1.0  2',+.'5(I)  1.0  5S+30(I) 

Average  - 91  39  30  90 

. 0)  30  1.0)  20  20)  33  1.0)  33  t.O)  35 


IF.  .iuechee  site. 


Beaches  are  b#»+wpen  the  numbered  arrows  shown  on  photomosaic. 


^ . 1 


In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 
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